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Nomograms for the prediction
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MATTHEW B. WOLF, BENJAMIN H. BARBOUR, and PHILIP D. WATSON
Departments of Biomedical Engineering, Physiology and Medicine,
University of Southern California, Los Angeles, California
Prediction of changes in patient chemistries as a
result of a hemodialysis has been difficult due to 1)
the different physical characteristics of the many
types of hemodialyzers, 2) intra-patient and inter-
patient variations of blood flow through the devices,
3) differing body weights among the patient popula-
tion, 4) variability of the predialysis body chemical
composition of the patients, 5) unknown mass transfer
characteristics of chemical substances between the
blood and other body fluid compartments in the
patients, and 6) variations in the duration of dialysis.
One or more of these factors has hindered attempts by
Blackmore and Elder [1], Wolf et al [2] and others to
accurately predict the results of dialysis in vivo.
Recently Wolf, Watson, and Barbour [3] have
shown that one can use mathematical models to
predict the chemical changes of urea and creatinine in
the body fluids of the uremic patient during dialysis
with a Kiil type dialyzer. All that needs to be specified
is the weight of the patient, the duration (hours) of
dialysis, and the average rate of blood flow into the
device. This paper uses the computer results of Wolf
to construct nomograms for the prediction of changes
in plasma urea and creatinine concentrations during
hemodialysis with a Kiil dialyzer.
Methods
Data from the computer simulation of Wolf et al [3]
were used to construct nomograms (Figs. 1—2) which
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predict the fraction of the predialysis blood urea and
creatinine concentrations remaining in the patient as a
function of the length of dialysis, body weight and
average blood flow rate. The predicted end-dialysis
blood (body fluid) concentration can be read from the
nomograms as follows: consider a 70 kg patient with
an average rate of blood flow into the dialyzer of
6 liters/hr (100 mI/mm). From Fig. I it can be seen
that 0.563 (56.3%) of the pre-dialysis urea concentra-
tion would remain after an eight hour dialysis. This is
found by running a straight line through the 8 hour-
70 kg point on the large rectilinear grid and the
100 ml/min-70 kg point on the small curvilinear grid,
and extrapolating this line to the vertical scale on the
right-hand side of the nomogram. Leaving the patient
on the machine for another two hours decreases the
remaining fraction further to 0.50.
The mathematical model for the patient-artificial
kidney system [3] consisted of the extracellular fluid
compartment (20% of patient's body wt); the intra-
cellular fluid compartment (40% of body wt), a
diffusion constant between these compartments; a
constant patient production rate of urea (0.063 g urea
nitrogen/hr/kg) and creatinine (0.0067 g/hr/kg), and
in vivo clearance data for urea and creatinine which
were fit by empirical curves as
C= 0.58 Q, Q<6.72 liters/hr,
=2.616+0.204 Q, Q6.72 liters/hr,
C=0.44 Q, Q<7.02 liters/hr,
=2.118+0.144 Q, Q7.02 liters/hr,
where C is the clearance in liters/hr, and Q is the blood
flow rate into the dialyzer in liters/hr.
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Fig. 1. Nomogram for the prediction of blood urea changes during hemodiaysis.
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The dialyzer considered in this paper was a standard
Ku! unit manufactured by the Western Gear Corpora-
tion, Southgate, California. The surface area was one
square meter. The dialyses were performed in the
first-half of 1968 at the Los Angeles County-USC
Medical Center.
Results
To evaluate the validity of the nomograms, their
predictions were compared to measured clinical results
in nine patients. Table 1 shows this comparison.
Shown are the number of dialyses (N), the mean
difference between predicted and measured remaining
fraction of urea (Dr) and creatinine (iCr) with
standard errors of the means, and the range of blood
flow rate variation (AQ), predialysis body weight
(AW), and predialysis urea (AU) and creatinine (AC)
concentrations.
Only one patient (No. 2) showed a statistically
significant (P <0.05) difference (Ur) between the
predicted fraction of remaining urea and the clinically
measured fraction remaining; one other patient (No. 7)
showed a significant difference () of —0.057 in
creatinine prediction. In any of the other patients this
systematic difference was not present. The overall
mean difference of the dialyses in Table 1 is —0.001 for
urea and creatinine, a value which is not significantly
different from zero.
Discussion
Nomograms have been constructed which can
predict the fraction of the predialysis blood concentra-
tions of urea and creatinine that remain in the blood
at the end of dialysis. All that needs to be specified is
the weight of the patient, the length (hours) of dialysis
and the average rate of blood flow into the dialyzer.
The validity of the nomogram predictions has been
established by testing these against the results of
numerous clinical dialyses in nine patients. Over the
whole patient population there were no statistically
significant differences between the prediction of the
nomogram and the clinically measured chemical
results.
To establish that these nomograms would be useful
in any clinical facility where the type of Kiil dialyzer
used in this study was being employed, we made no
special effort to select patients or patient data to test
against the nomograms. The data were taken from
the medical records and they therefore included all of
the errors that commonly occur under routine clinical
conditions, i.e., errors of chemical determination,
blood flow measurement by the bubble transit time
method, etc.
Blood flow did not remain constant during dialysis.
However, this is not necessary to the accuracy of the
nomogram. The average figure from four or five
measurements of blood flow during dialysis was used
for the nomogram prediction.
Also as seen in Table I, there were wide variations
in the patient weights, rates of blood flow, and the
predialysis blood concentration in the nine patients
that we examined, and even so, the nomograms still
proved to be accurate.
Table 1
Summary of Comparison of Nomogram Prediction to Clinical Measurement in Nine Patients
Patient N Ur 1cr AQ AW AU AC
1 11 0.020±0.058
—0.004±0.054 101—161 42—50 56—108 12.0—16.6
2 11 —0.047±0.026 195—351 70—76 120—170 13.2—18.4
3 11 0.027±0.041 0.047±0.040 106—168 56—58 92—156 13.0—18.6
4 12
—0.008±0.044 0.033±0.045 95—146 55—59 76—168 14.0—22.2
5 16 0.046±0.022 0.047±0.022 120—206 71—76 66—102 14.6—20.0
6 14 0.024±0.018 0.000±0.018 127—246 44—48 36—124 13.2—20.0
7 18
—0.046±0.026 250—340 70—75 46—98 11.0—18.6
8 10
—0.046±0.022
—0.023±0.022 95—203 50—58 20—58 8.8—15.8
9 10 0.031±0.014 121—181 72—73 101—163
Pooled 1IT —0.001 —0.001
a p < 0.05; N= number of dialyses, Ur and 1Cr are the fractions of pre-dialysis urea and creatinine remaining as predicted by the
nomograms minus those fractions measured clinically, with standard errors; Q and AW are ranges in the variation of blood flow
(mi/mm) and body weight (kg); AU and AC are ranges in the variation of urea and creatinine concentrations (rng/100 ml).
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The nomograms presented in this paper are limited
for use with standard Kiil dialyzers of one square
meter surface area. However, the same simulation
techniques can be used to derive nomograms for other
types of dialyzers. The main information needed is
data on the clearance of a chemical substance versus
blood flow rate.
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